To analyze the distribution of uridine diphosphate glucuronosyltransferase (UGT)1A1 gene polymorphisms in Chinese patients with extensive-stage small-cell lung cancer (E-SCLC), and to evaluate correlations between the UGT1A1 gene polymorphisms and toxicity, and efficacy of irinotecan (CPT-11) based regimen in the patients with E-SCLC.
Introduction
As a type of lung cancer with special pathological features, small-cell lung cancer (SCLC) is highly malignant and has the characteristics of poor differentiation, short tumor cell doubling time, fast tumor progress, and being prone to metastases at an early stage. Furthermore, approximately two-thirds of SCLC cases clinically belong to extensive-stage (E-SCLC) when initially diagnosed. 1 Xiao et al of benefit when compared with etoposide and cisplatin (EP). The combination of irinotecan and a platinum agent has provided the greatest challenge to EP. Initially, in 2002, a small Phase III trial performed in Japan reported that patients with E-SCLC who were treated with irinotecan plus cisplatin (IP) experienced a median survival of 12.8 months compared with 9.4 months for patients treated with EP (P=0.002). In addition, the 2-year survival was 19 .5% in the IP group vs 5.2% in the EP group, respectively. 2 Compared to the EP regimen, IP program can significantly prolong the survival of the patients with tolerable adverse effect. However, two subsequent large Phase III trials performed in the United States comparing IP with EP failed to show a significant difference in response rate or overall survival (OS) between the regimens. 3, 4 A Phase III randomized trial found that median OS was slightly improved with irinotecan and carboplatin compared with carboplatin and oral etoposide (8.5 vs 7.1 months, P=0.04). 5 Based on these findings, the carboplatin and irinotecan regimen has been added to the National Comprehensive Cancer Network Guidelines as an option for patients with extensive-stage disease. 6 A meta-analysis suggests an improvement in progression-free survival (PFS) and OS with IP regimens compared with etoposide plus platinum regimens. 7 However, the relatively small absolute survival benefit needs to be balanced against the toxicity profile of irinotecan-based regimens. Therefore, the National Comprehensive Cancer Network Panel continues to consider etoposide plus platinum as the standard regimen for patients with either limited-stage or E-SCLC.
Uridine diphosphate glucuronosyltransferase (UGT)1A1 plays an important role in the metabolism of irinotecan. Extensive research attention had been paid to the correlation between UGT1A1 gene polymorphism and irinotecan-related delayed diarrhea and neutropenia, but it is still controversial. Several clinical studies conducted in colorectal cancer showed that the polymorphism of UGT1A1*28 gene can be used to evaluate the risk of severe neutropenia and diarrhea occurring in patients receiving irinotecan chemotherapy. In 2005, the US Food and Drug Administration required that testing for UGT1A1*28 as a risk factor for severe adverse events should be included on the irinotecan label. 8 The clinical studies conducted outside of the People's Republic of China suggested the risk of severe granulocyte decrease associated with CPT-11 chemotherapy can be assessed by analyzing the polymorphism of UGT1A1*28. The risk of grade 3-4 neutropenia and diarrhea is significantly increased for the patient carrying the mutations of UGT1A1*28.
9,10 However, there were significant racial differences in the distribution of UGT1A1*28 gene polymorphisms. For instance, the proportion for Asian populations with UGT1A1*28 homozygous mutant (TA7/7) is only from 0% to 5%, which was much lower than the frequency of 12%-27% in Africans and 5%-15% in Caucasians. [9] [10] [11] Therefore, whether the UGT1A1*28 gene polymorphisms can be the predictors of adverse reactions in the same way for Chinese patients remain unclear. The study by Gao et al found that the Asian patients who received CPT-11 based treatment and carrying UGT1A1*6 mutations had the risk of the grade 4 neutropenia, thrombocytopenia and diarrhea significantly increased. 12 Comparatively, the mutation of UGT1A1*6 gene was more common in Asian populations, which accounted for more than 20%. 13 Furthermore, studies suggested that UGT1A1*6 and UGT1A1*28 were similar in function, and that both of them can lead to the reduction of metabolism of CPT-11 inactivity in vivo and increase the risk for adverse reactions. Therefore, when predicting the occurrence of relevant adverse events in the Chinese patient population, we should take UGT1A1*28 and UGT1A1*6 superior gene polymorphisms' effect together into consideration.
This study examined UGT1A1*28 and UGT1A1*6 gene polymorphism in 67 patients with E-SCLC who were willing to receive irinotecan-based chemotherapy. The purpose is to explore the distribution frequency of UGT1A1 gene polymorphism in the Chinese patient population and to evaluate correlations between UGT1A1 gene polymorphism and toxicity and efficacy of irinotecan in patients with E-SCLC. 
Patients and methods clinical data

specimen extraction and determination of UGT1A1 gene polymorphism
The study subjects were selected from the patients with E-SCLC who attended the clinic in the Department of Oncology between June 2011 and January 2013. The Flinders Technology Associates card (Whatman plc, Maidstone, UK) was used to collect the finger blood sample from qualified patients before starting the treatment for the use in UGT1A1*28 and UGT1A1*6 gene polymorphism detection.
Below are the steps and methods used in the determination of the UGT1A1 gene polymorphism: 1) Extract genomic DNA and polymerase chain reaction The whole blood Genomic DNA was extracted with the QiaAmp kit (Qiagen NV, Venlo, the Netherlands), in accordance with the instructions. The condition of polymerase chain reaction (PCR) system is described next: extraction first started with 94°C 5 minutes degeneration, and then followed by 94°C 15 seconds, 55°C 25 seconds, 72°C 50 seconds for 40 cycles, and then 72°C 5 minutes extension.
UGTA1*28 primer: 5′-ATGGCACAGGGTACGTCTTC-3′ UGTA1*6 primer: 5′-ACCTCTGGCAGGAGCAAAG-3′ 2) Direct sequencing method The PCR target products were identified by the highresolution capillary electrophoresis. If the bands are clear and single, the specimen was then sent to Shanghai Yuanqi Bio-Pharmaceutical Company Limited (Shanghai, People's Republic of China) for direct sequencing after conforming to the standard.
Treatment regimen
All the patients received irinotecan-based combination chemotherapy, which was administered in one of the following two ways: 1) CPT-11 60 mg/m 2 intravenous infusion on days 1,8,and 15; repeated every 4 weeks; 2) CPT-11 85 mg/m 2 intravenous infusion on days 1and 8; repeated every 3 weeks. Appropriate platinum drug (cisplatin, carboplatin, or lobaplatin) was selected based on the patient's general physical condition, concurrent diseases and tolerance to the chemotherapy.
evaluation of treatment effect and followup visit
The treatment effect was evaluated after two cycles using Response Evaluation Criteria In Solid Tumors 1.1 standard. The patients with partial response were required to have another radiographic examination to confirm the effect after 4 weeks. For the patients with progressive disease, the treatment was switched to another chemotherapy scheme or the best support treatment was given to them. The PFS is defined as the time from the start of treatment to tumor progression or death resulting from any cause, and the OS is defined as the time from the start of the treatment until death caused by any reason. Adverse events were evaluated all the time by using National Cancer Institute Common Toxicity Criteria Adverse Events (NCI-CTCAE) version 3.0. The follow-up visit was done every 3 months after the end of chemotherapy. The median follow-up period is 15 months (range from 8 to 28 months).
statistical method
The data were analyzed using the Statistical Package for the Social Sciences version 18.0 software (SPSS Inc., Chicago, IL, USA). The OS and PFS curves were evaluated by the Kaplan-Meier method. The efficacy and adverse events between different genotypes were compared with chi-square test or Fisher's exact test. The P-value of less than 0.05 is defined as having a statistically significant difference.
Results
All 67 patients who had efficacy and adverse event data completed genotype testing. The change of TA repeats in the TATA box of the UGT1A1 promoter caused UGT1A1*28 polymorphism, resulting in three genotypes: wild-type (WT) TA6/6, heterozygous mutation TA6/7, and homozygous mutation 
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Xiao et al TA7/7. The UGT1A1*6 polymorphism, characterized by a single-nucleotide substitution in exon 1 of UGT1A1, resulting in three genotypes: WT G/G, heterozygous mutation G/A, and homozygous mutation A/A. The combination of UGT1A1*28 and UGT1A1*6 genotype was divided into WT, 1 site mutation, and 2 site mutation. We analyzed not only the effect of each individual UGT1A1*28 and UGT1A1*6 genotypes separately, but also the combination of these two different genotypes on the treatment efficacy and adverse events.
Distribution of UGT1A1*28 gene polymorphism
Among 67 SCLC patients enrolled in this study, 56 patients (83.6%) have the genotype of homozygous WT TA6/6 with UGT1A1 gene promoter region TA series repeating six times; eleven patients (16.4%) have the genotype of heterozygous mutant TA6/7 with TA series repeating six and seven times; no homozygous mutations TA7/7 with TA series repeating seven times was observed.
Distribution of UGT1A1*6 gene polymorphism
Among 67 SCLC patients enrolled in this study, 45 patients (67.2%) have WT G/G; 22 patients (32.8%) have heterozygous mutation type G/A. No A/A homozygous mutations were observed.
Distribution of combined genotypes
We looked into the combination of genotypes of these two genes ( relationship between UGT1A1 gene polymorphism and treatment efficacy
There was no significant difference on treatment efficacy for the patients with different UGT1A1 genotypes. We also found no statistical significant difference on short-term efficacy in the patients with UGT1A1 genotype combination (Tables 2  and 3 , respectively).
relationship between UGT1A1 gene polymorphism and PFs
The median PFS of UGT1A1*28 WT (TA6/6) and mutant type (TA6/7) was 9.9 months and 10 months, respectively. There is no statistically significant difference (P=0.589) (Figure 1 ). The median PFS of UGT1A1*6 WT (G/G) and mutant type (G/A) was 9.7 months and 9.9 months, respectively. There is also no statistical difference between them (P=0.408) (Figure 2 ). There is no significant difference between different combination genotype and PFS either (P=0.491) (Figure 3) . relationship between UGT1A1 gene polymorphism and survival time
The median OS of the patients with UGT1A1*28 WT (TA6/6) was 13.9 months, and the median OS of the patients with UGT1A1*28 mutant type (TA6/7) was 14.5 months, there was no statistical difference (P=0.816) (Figure 4) . The median OS of the patients with UGT1A1*6 WT (G/G) was 13.8 months, and the median OS of the patients with UGT1A1*6 mutant type (G/A) was 14.1 months, there was also no significant statistical difference (P=0.607) ( Figure 5) . The OS between different combination genotype had no significant statistical difference either (P=0.258) (Figure 6 ). Table 4 ). The comparison between adverse events and different combination found that patients simultaneously carrying TA6/7 and G/A 2 sites heterozygous mutation are prone to have grade 3-4 degree diarrhea and neutropenia (P,0.05) ( Table 5 ).
Discussion
The occurrence of adverse events for CPT-11 has obvious individual differences. The CPT-11 is one of the S-phase cell-cycle specific drugs. The CPT-11 is converted to its biologically active form 7-ethyl-10-hydroxycamptothecin (SN-38) under the effect of carboxylesterase in the liver and gastrointestinal tract in vivo. The SN-38 mainly inhibits DNA topoisomerase, preventing the repair of DNA chain scission, interfering with the DNA replication and RNA transcription, leading to cell death. A key enzyme in the intestine UGT1A1 converts SN-38 to inactive SN-38G through glucuronidation. 14 The SN-38 leads to intestinal mucosa injury and delayed diarrhea and can also be catalyzed by the UGT enzyme into SN-38G in the intestine. The UGT1A1 gene mutation can lower the activity of UGT1A1 and therefore reduces its capability in UGT1A1 inactivating SN-38. This results in the accumulation of SN-38 in the intestine causing damage to the intestinal mucosa and therefore severe delayed diarrhea. 15 Therefore, the expression and activity of the UGTs enzymes are closely related to the efficacy and adverse reaction of CPT-11, of which UGT1A1 plays a vital role. Studies showed that the activity of the UGT1A1 enzyme was closely related to the UGT1A1 gene polymorphisms, especially UGT1A1*6 and UGT1A1*28. 16 The distribution of UGT1A1*28 polymorphism of 68 ethnic Chinese SCLC patients is: 56 cases carrying UGT1A1*28 WT (TA6/6), accounted for 83.6%; eleven cases carrying UGT1A1*28 heterozygous mutation type (TA6/7), accounted for 16.4% correspondingly; no UGT1A1*28 homozygous mutant (TA7/7) was found. This result is consistent with the study reported on the distribution of UGT1A1*28 gene variation in Chinese conducted by Li et al. 17 The results of the study also show that the frequency of carrying heterozygous 
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Xiao et al mutant TA6/7 and homozygous mutant TA7/7 is significantly lower than that of Caucasian and African populations. For Caucasian population, the TA6/7 heterozygous mutation frequency is high at 35%-50%, TA7/7 homozygous mutation frequency is 10%-15%, while for the African population, the TA6/7 heterozygous mutation frequency is 44%-53% and the TA7/7 homozygous mutation frequency is 12%-17%. The distribution of gene polymorphism of UGT1A1*6 described as follows: 45 cases were UGT1A1*6 WT (G/G) and accounted for 67.2%; 22 cases were UGT1A1*6 heterozygous mutation type (G/A) and accounted for 32.8%; no homozygous mutant (A/A) was observed. The result is similar to UGT1A1 gene mutation frequency in Japanese population reported by Nakamura et al 18 and Minami et al 19 , and in Asian population reported by Jada et al. 20 Contrary to UGT1A1*28 and UGT1A1*6 mutation frequencies in the Caucasus and African populations are relatively lower. 16 This study also found that UGT1A1*6 gene mutation frequency is higher than the UGT1A1*28 in Chinese population. The rate of the UGT1A1*28 gene mutations (TA6/7) was only 16.4%, while UGT1A1*6 mutation type (G/A) was 32.8%. Because UGT1A1 gene polymorphism has the closest relationship to irinotecan adverse event, further analysis was performed and the result shows that only 1.8% patients with UGT1A1*28 WT (TA6/6) had grade 3-4 thrombocytopenia, while the percentage of patients with UGT1A1*28 heterozygous mutation type (TA6/7) who had the same adverse event is as high as 27.2%. There is a significant difference between two different genotypes (P=0.017). The percentage of the patients having grade 3-4 neutropenia and anemia is similar between these two genotypes. So the relationship between UGT1A1*28 gene polymorphism and diarrhea was more pronounced in Asia, but the relationship with neutropenia required further study. 21 For gastrointestinal toxicity, 9.1% UGT1A1*28 heterozygous mutation type (TA6/7) patients had grade 3-4 diarrhea, while it is 10.7% for WT UGT1A1*28 (TA6/6) patients. There is no statistically significant difference between the two genotypes. Similar to other study results, it is rare to have grade 3-4 diarrhea for Chinese patients having UGT1A1*28 mutation. 17, 22 Compared to the patients with WT (G/G), the patients with UGT1A1*6 heterozygous mutation type (G/A) are more likely to have grade 3-4 neutropenia (27.2% vs 4.4%, P=0.026) and diarrhea (36.4% vs 6.6%, P=0.034). This result is similar to several clinical studies conducted in Japan. 18, 19 This may be caused by the inactivation of SN-38. As an active metabolite of CPT-11, SN-38 prevents the repair of the DNA chain and interferes with the replication and transcription of nucleic acid through inhibiting DNA topoisomerase. After being metabolized by UGT1A1, SN-38 is converted into the inactive SN-38G through glucuronidation by the enzyme in the gut. When UGT1A1*6 heterozygous mutation occurs, it reduces UGT1A1 activity, so that the metabolization of SN-38 to SN-38G is decreased. This causes a large amount of SN-38 accumulated in the intestine, which continues to deliver cytotoxicity and directly damages the intestinal mucosal barrier, leading to severe diarrhea. 23 Studies have found that when CPT-11 was administered in low dose (50-180 mg/m 2 ), UGT1A1*28 cannot prompt the increase in hematologic toxicity, and the hematologic toxicity of the patients with UGT1A1*28 homozygous mutant type will significantly increase only in the medium or high dose (200-350 mg/m 2 ). 24 Other investigators also proposed that the toxicities of low-dose CPT-11 were not affected by the status of the UGT1A1 gene. 25 A meta-analysis that included 1,998 patients indicated that when CPT-11 was used in low dose, the UTG1A1*28 genotype was also linked to neutropenia, but the risk for neutropenia was significantly increased after the application of high-dose CPT-11. 26 The result of another meta-analysis that contained 1,760 patients and was related to CPT-11 induced diarrhea showed that both UGT1A1*28 homozygous mutant-type and heterozygous mutant-type will increase the risk for delayed diarrhea, but this trend is not significant when the dose of CPT-11 was lower than 125 mg/m 2 . 27 The dose of CPT-11 in this study was not high, and with the limitation of sample size, we did not detect hematologic toxicity being significantly increased in UGT1A1*6 and UGT1A1*28 homozygous mutant-type patients.
The relationship between UGT1A1 gene polymorphisms and the clinical response of CPT-11-based regimens was 
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Xiao et al one of the hotspots. There are few studies on the impact of UGT1A1*28 gene polymorphism on the efficacy of CPT-11. 28 The clinical studies demonstrated that irinotecan-based chemotherapy can improve patients' efficacy, PFS, and OS. 29 Toffoli et al did a multi-center clinical study with 250 colorectal cancer patients with the chemotherapy of CPT-11 combined with 5-FU/CF. 30 The study assessed the relationship between the UGT1A1*28 polymorphism and tumor response rate and OS. The result showed that the patients with purebred mutation TA7/7 had the highest objective response (95%) and the lowest risk of tumor progression. Probably it is because TA7/7 type UGT1A1 genotype can downregulate the transcription of UGT1A1 and therefore decrease its expression and is unable to inactivate SN-38, resulting in high blood concentrations of CPT-11 and enhanced cell toxicity thus improving the objective response rate. Although these studies have proposed the clinical response of homozygous mutant-type was better, so far there has been no consistent conclusion. The two major studies found no difference in efficacy between different genotypes of UGT1A1. 31, 32 This study found that treatment efficacy and long-term survival are not related to UGT1A1 gene polymorphism. The median PFS for the patients without UGT1A1*28 mutations was 9.9 months, while the median PFS for the patients with UGT1A1*28 mutant (TA6/7) was 10 months. There is no significant difference (P=0.589). The median PFS of UGT1A1*6 WT (G/G) patients was 9.7 months, while the median PFS of UGT1A1*6 mutant (G/A) patients was 9.9 months. There is no statistically significant difference (P=0.408). The UGT1A1*28 WT (TA6/6) and mutant (TA6/7) had a median OS of 13.9 months and 14.5 months, respectively, with no significant difference (P=0.816) between the two groups. For UGT1A1*6 WT (G/G), the median OS was 13.8 months, while for UGT1A1*6 mutant (G/A), the median OS was 14.1 months, with no statistically significant difference (P=0.607). The result of our study is consistent with results reported by another researcher, which shows no correlation between UGT1A1*28 and UGT1A1*6 two allele gene polymorphisms and the patient treatment outcomes. 33 Whether the polymorphism of UGT1A1 gene can predict the efficacy of CPT-11 has no uniform conclusion. The mutation of UGT1A1 gene can increase the level of SN-38, which is the active metabolite of CPT-11. So the efficacy was likely to increase. However, the majority of the clinical trials showed no significant difference between the efficacy of CPT-11 and UGT1A1 genotypes. The reason that chemotherapy did not differ between the various genotypes may be this study is a retrospective study with small samples, high proportion of patients in extensive stage, and irinotecan dosage is not uniform. Therefore, we should consider not only the UGT1A1 gene polymorphism but also the status of the patients, the intensity of drug dose, the course of treatment, the combination of medication, and the other factors when we predict the clinical effect.
